. Such changes in Ca 2ϩ conactivities of each of these classes of proteins. centration regulate a variety of effects ranging from apoThe rhodopsin phosphatase, RDGC, is a potential tarptosis to differentiation, cell movement, the modulation get for regulation by calmodulin, since mutations in rdgC of synaptic plasticity, and visual transduction. A primary result in severe defects in the Ca Figure 1B) . The 78 and 76 bands appeared to be eye specific, as they were not detected in the eyeless mutant, sine oculis (so) ( Figure  1B ). The 84 kDa isoform, which was not eye specific, may be responsible for the previously reported RDGC expression in the mushroom bodies of the central brain (Steele et al., 1992) . To assess whether RDGC and calmodulin associated in vivo, RDGC was immunoprecipitated from wild-type or null rdgC head extracts, and Western blots of the immune complexes were probed with anti-calmodulin antibodies. Calmodulin was detected in the immune complexes from wild-type but not from null rdgC head extracts ( Figure 1C) Figure 2A) . Thus, the N-terminal 32 residues contained the calmodulin 
antibodies. No calmodulin was detected after performing co-IPs
To obtain additional evidence that RDGC bound to using extracts from rdgC head extracts (y,w; rdgC) under any Ca 2ϩ conditions. calmodulin through the IQ motif, we assessed the effects of a variety of conservative and nonconservative substitutions of the most invariant residues within the IQ sequence ( Figure 2A and Experimental Procedures). beads conjugated to calmodulin were incubated with full-length RDGC labeled in vitro with 35 
S. As a negative
Among the point mutations generated, the only one that almost completely abolished interaction with calmodulin control, we used a segment of the PDZ protein, INAD (PDZ domains 3 and 4; amino acids 346-581), which was a glutamic acid substitution of the isoleucine (residue 12) that begins the motif (73
I12E
; Figure 2B ). A relahad previously been shown to be devoid of calmodulin binding activity (Xu et al., 1998 as the RDGC ⌬IQ was undetectable ( Figure 3A ).
To test whether the IQ sequence in human PPEF2 was
To evaluate the effects of the IQ point mutations in a calmodulin binding site, we performed calmodulinvivo, we employed calmodulin-agarose pull-down agarose pull-down assays. The core region of the IQ assays. Wild-type RDGC was detected in the bound motif (amino acids 21-42) of human PPEF2 was fused to fraction in the presence or absence of Ca 2ϩ ( Figure 3B ). GST (GST-HsIQ), purified using a glutathione-Sepharose However, ‫-5.3ف‬fold more RDGC bound in the presence column, and incubated with calmodulin-agarose beads.
of Ca 2ϩ ( Figure 3C ). RDGC did not bind to gelatin-aga-GST-HsIQ bound to calmodulin-agarose, but GST alone rose under any tested conditions (data not shown). Simidid not ( Figure 2D ). In addition, GST-HsIQ bound to lar results were obtained using extracts prepared from calmodulin-agarose in the presence or absence of Ca 2ϩ . To determine the physiological role of the RDGC/calmodulin interaction, we generated transgenic flies that did not bind to calmodulin-agarose ( Figure 3B ). To address whether the rdgC transgenic flies display defective PDAs, we assayed the relative intensity of light needed to produce a PDA. Like rdgC null mutants, rdgC I12E entered a PDA with Ͻ10% the light intensity required in rdgC ϩ ( Figure 5D ). In contrast, rdgC
P[rdgC ϩ ] flies (data not shown

I12A
showed a PDA similar to rdgC ϩ ( Figure 5D ). The observations that rdgC I12E flies displayed retinal degeneration, a delay in deactivation kinetics, and a low light PDA indicated that calmodulin binding was necessary for normal function of RDGC in vivo.
Calmodulin Positively Regulates Phosphatase Activity of RDGC
The simplest hypothesis to account for the requirement of the RDGC/calmodulin interaction is that calmodulin regulates the phosphatase activity of RDGC in vivo. To test this proposal, we measured the relative levels of phosphorylated rhodopsin (Rh1) in rdgC ϩ and rdgC
I12E
eyes. Dark-reared flies were fed 32 P and then exposed to light. As expected, rhodopsin was hyperphosphorylated in rdgC relative to rdgC ϩ ( Figures 6A and 6B ). Of . The identification of such dependent manner (Munshi et al., 1996) . substrates should provide valuable insights into addiThe identification of RDGC as a calmodulin-regulated tional roles for this new class of calmodulin-regulated protein phosphatase addresses a key question in Drosophila phototransduction, the identity of in vivo targets protein phosphatases.
Experimental Procedures
Coimmunoprecipitation of RDGC and calmodulin with anti-RDGC antibodies was performed as described (Porter et al., 1995) I12A , and 73 I12E GST fusion proteins, which were not soluble Geyer), which includes a y ϩ marker. The constructs (pYC4-grdgC ϩ , in the TBST buffer alone. Cellular debris was removed by centrifugapYC4-grdgC ⌬IQ , pYC4-grdgC I12A , and pYC4-grdgC I12E ) were injected tion at 14,000 rpm, and the fusion proteins were purified using glutainto y,w embryos. thione-Sepharose (Amersham Pharmacia Biotech). (3) Fly head extracts were prepared by homogenizing 100 fly heads in 1 ml TBST Transmission Electron Microscopy buffer followed by centrifugation at 14,000 rpm for 30 min to remove Transmission electron microscopy was performed as previously dethe debris.
scribed ( The starved flies were transferred to the vial containing orthophosphate, allowed to feed on the sucrose above) had no effect on interaction with calmodulin. mixture for 12 hr in a dark humidified chamber, and illuminated for
